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Frontal plane slab fractures account for the majority of third carpal bone (C3) fractures in
performance horses. Treatment is stabilization with an AO cortical screw. Complications are
fragment splitting, fragment spinning, and irritation of dorsal soft tissue structures. A novel,
headless, cannulated screw with interlocking threads (the Headless Compression Screw Fastener,
HCSF) has been developed to resist multidirectional forces. Simulated C3 slab fractures were
created in nine paired equine carpi. HCSF or AO cortical screws were loaded in shear to failure.
Stiffness, maximum load to failure, and yield load was assessed in linear mixed models. No
significant difference was detected in maximum load to failure, stiffness, or yield load. Mode of
failure was screw bending in all specimens. The HCSF successfully repaired simulated third
carpal bone fractures. The design eliminates counter sinking. There was no significant difference
compared to the cortical screws. These results promote clinical application.
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CHAPTER I
INTRODUCTION
Musculoskeletal injuries in racehorses can have profound negative impacts on animal
well-being, training programs, and financial stakeholders. Carpal fractures frequently occur in
racehorse breeds, including Thoroughbreds, Standardbreds, and American Quarter Horses.1-6
High speed exercise imposes repetitive impact loading on the dorsal aspect of the third carpal
bone (C3), causing remodeling and sclerosis of the radial fossa.7 Frontal plane C3 slab fractures
of the radial facet are the most common carpal bone fracture type as a result of shear forces.4,7,8
Conservative treatment of C3 slab fractures results in severe osteoarthritis, ending the
performance career of the animal. Thus, fragment removal or stabilization is imperative,
regardless of the horse’s intended level of activity following recovery. Fragments less than 10mm may be removed, although preservation and stabilization of the articular surface is
preferred.9 Interfragmentary stabilization is typically achieved by placing one cortical screw
using lag technique across the slab fracture.9,10
Intra-operative complications associated with C3 fracture repairs include fragment
spinning or fragmentation during screw tightening.11 Additionally, failure to obtain an ideal
countersink can cause displacement of fragments when working with a thin cortex. Fragments
less than 10-mm thick are at an increased risk of fragmentation during countersinking. However,
failure to countersink can result in dorsal soft tissue irritation and fibrosis. Although results vary
among studies, return to racing has been reported to be as low as 42% in Thoroughbreds after C3
1

slab fracture fixation.5 Investigation of new implants is therefore warranted in an effort to
decrease the incidence of complications, preserve the articular surface, and ultimately produce
better outcomes.
Cortical screws are designed for use in hard cortical bone and are heavily utilized in
equine orthopedic surgery. Traditional cortical screws contain a buttress thread, which is limited
to resisting only a unidirectional force.12,13 Recently, a novel Bone-Screw-Fastener has been
integrated into human orthopedic surgery.12-14 The screw-fastener has an interlocking thread
pattern capable of resisting multidirectional forces and a reverse cutting flute mechanism which
prevents iatrogenic bone destruction.12,13 A cadaveric mechanical study has demonstrated
superior protection from torque stripping forces of this new screw when compared to the buttress
screw in human tibiae.12
Similar to the Bone-Screw-Fastener, the Headless Compression Screw Fastener (HCSF)
has interlocking thread technology which improves the direct connection of osseous tissue to the
implant.15 This osseointegration leads to a functional, congruous relationship between the bone
and screw.16 The HCSF achieves compression as it is advanced, and unlike the Bone-ScrewFastener, has the added benefit of a headless design. This design eliminates the need to
countersink, and taken collectively with its interlocking nature, may decreases the risk of
fragmentation, displacement, and articular interference. Problems associated with creating a
shallow countersink or not countersinking may potentially be avoided when using the HCSF in
place of a cortical bone screw.
There are no known published applications of the HCSF in equine veterinary medicine to
the authors’ knowledge. The objective of this study to was to compare the maximal singular
shear force to failure, stiffness, and yield load created by a mechanical testing device of a 3.92

mm HCSF to a 3.5-mm standard AO cortical bone screw. We hypothesized that the 3.9-mm
HCSF would have superior mechanical shear performance compared to the 3.5-mm standard
cortical bone screw when applied in lag screw fashion for fixation of a simulated C3 frontal
plane slab fracture in cadaveric equine third carpal bones.
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CHAPTER II
FATIGUE AND FRACTURE OF THE EQUINE CARPUS
Anatomy
The equine carpus is a hinge joint consisting of 2 rows of cuboidal bones. The proximal
surface of the proximal row of carpal bones articulates with the radius (antebrachiocarpal joint).
This row of cuboidal bones consists of the radial carpal bone, intermediate carpal bone, ulnar
carpal bone, and accessory carpal bones. The proximal surface of the distal row of carpal bones
articulates with the proximal row of carpal bones (middle carpal joint- Figure 1). The distal
surface of the distal row of carpal bones communicates with the metacarpal bones
(carpometacarpal joint). This row of cuboidal bones consists of the second, third, and fourth
carpal bones. The C3 is the largest of the 3 distal row bones. It has an irregular shape, with a
palmar and dorsal portion. The dorsal portion contains the radial and intermediate facets which
are divided by a prominently raised sagittal ridge.17 Cuboidal bones such as the C3 are covered
in articular cartilage, under which is a shell of cortical bone. The cortical bone houses the inner
trabecular bone.
These cuboidal bones are architecturally complex and allow for various ranges of motion
and joint compartment communications with their associated soft tissue structures and joint
capsule arrangements. The middle carpal and carpometacarpal joints always communicate with
one another. Although the antebrachiocarpal and middle carpal joints have not proven to
communicate in a previous imaging study, one investigation demonstrated mepivacaine diffusion
4

between the two joint spaces in > 80% of limbs tested.18,19 These joints vary greatly in their
degree of flexion, with the antebrachiocarpal joint allowing for a great degree of flexion, the
middle carpal joint allowing for a moderate degree of flexion, and the carpometamarpal joint
allowing for very minimal flexion. Interosseous ligaments and the palmar carpal ligament
maintain carpal alignment and prevent hyperextension, however, overextension is not always
preventable at high speeds.17
Anatomy in Motion
During fast paced work, the metacarpus becomes dorsally displaced relative to the
radius.20 This exacerbates the shear force exerted on the C3, particularly the radial facet, as the
radiocarpal bone articulates solely with the radial facet when the joint is hyperextended.21
Repetitive forces lead to fatigue, a process by which microscopic damage accumulates,
sometimes until complete failure (i.e. fracture) occurs.22,23 In the C3, subchondral damage will
often precede the development of lameness and slab fractures, however subchondral lesions are
not always seen radiographically.24-26 Association with high speed work, the fracture arising in a
consistent location, and the fracture coursing through the bone in predictable course are all met
criteria for inclusion as a stress or fatigue related fracture.27 As with most racehorse fractures, C3
slab fractures result from the accumulation of microdamage that is not allowed adequate time to
remodel, ultimately weakening the bone and predisposing it to fracture.
Wolfe’s Law
Remodeling is a process by which abnormal bone is resorbed by osteoclasts and replaced
by osteoblasts at the same location. This is a manifestation of Wolfe’s law, which theorizes that
bone is a dynamic organ which adapts to mechanical stress. Simply put, bone is removed where
5

it is not needed and laid down where it is needed.28-35 It is the lag time in between bone
resorption and bone formation that increases the structural vulnerability of the bone.36
Histomorphometrical findings as these structural properties are weakened include both trabecular
microfractures and trabecular increases in bone mineral density, suggesting that marked
metabolic activity is occurring in an attempt to strengthen the bone.36 Trabecular widening
(microcracks) and increased porosity (a result of the resorptive phase of remodeling) are
intimately associated with shear stress.27,37
Biomechanical Forces
Shear stress occurs when forces are applied parallel to a surface. When forces act on an
object, the object will deform to some degree. The ability of an object to deform and return to its
original shape once the load has been removed is illustrated in the elastic region of a load
deformation curve. Stiffness is defined as the slope of the elastic portion of the curve. Once the
object is no longer able to return to its original shape, a yield point is reached and permanent
deformation occurs. The plastic region of the load deformation curve is that to the right of the
yield point. Plastic deformation is the phase which leads to failure. The load deformation curve
portrays information about the structural (dimensional) properties of bone.38,39
Stress (σ) is defined as the force divided by the area of the object that it acts upon.
Normal stress occurs when forces are applied perpendicular to the surface of a structure as
opposed to shear stress (forces applied parallel to the surface). Strain (ε) refers to the change in
dimension of the object divided by the original dimension, often expressed as a percentage. By
calculating the stress and strain, information about the mechanical (material) properties of bone
can be elucidated, eliminating geometrical influence. When stress is considered normal, the slope
of the curve is referred to as Young’s modulus. When shear stress predominates, the slope is
6

referred to as shear modulus. Yield and failure points are conceptually similar to that described
for load deformation curves.38,39
Mechanical properties of bone are dependent on the direction of the forces applied.
Cortical bone is anisotropic due to protein fiber arrangements, osteon composition, and mineral
composition. Trabecular bone is anisotropic because of fiber arrangements, osteon composition,
mineral composition, and porosity. Porosity is a unique characteristic of trabecular bone that
allows it to store more energy prior to failure, compared to cortical bone. Despite the C3 being
composed of mostly trabecular bone, fractures can still occur if adaptive healing cannot keep
pace with lytic processes.38,40
Fracture Healing
Once a fracture occurs, healing can ensue by means of indirect or direct healing. If
healing is abnormal, bones are subject to delayed unions, nonunions, or malunions. Callous
formation, instability, and incongruency of articular surfaces of the C3 can lead to osteoarthritis
of the equine carpus. For this reason, precise reduction of C3 slab fractures should be attempted
surgically.
Contact healing is the most ideal form of fracture healing, however, such rigid fixation is
often not possible. Fracture gaps smaller than 0.01 mm allow for direct contact healing, and
subsequently form little or no callous and no interfragmentary motion.41 If contact healing can
occur, cutting cones form adjacent to osteons at the fracture site.42 Osteoclasts remove bone at
the end of the cutting cone, while trailing osteoblasts will lay down new bone. Osteons remodel
into lamellar bone. This efficient process allows for direct re-establishment of the bony
architecture without production of a callous.
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Gap Healing is the second type of direct healing that can only occur if the fracture gap is
less than 1 mm.41 Before the reconstructive phase (similar to contact healing) can occur, lamellar
bone fills the fracture gap perpendicular to the long axis.43 This mechanically weak scaffold
contains osteoprogenitor cells which produce osteoblasts. Not until the lamellar bone is fully
constructed can the remodeling process begin.44
When interfragmentary compression and fracture stability are less ideal, indirect healing
takes place. This process is broken down into several steps: the inflammatory phase,
endochondral formation, intramembranous formation, repair, and remodeling. The hallmark of
the acute inflammatory phase is hematoma formation at the fracture site. Hematoma formation is
immediate and proinflammatory mediators predominate over the course of about 7 days.45
Granulation tissue will eventually form within the hematoma, and endochondral formation
commences. A cartilaginous, “soft callous” develops about 7-9 days post trauma,
extraperiostally. Subperiostally, intramembranous ossification begins, forming the “hard
callous.” Angiogenesis, mineralization, and resorption of the cartilaginous callous precede the
remodeling phase. Hard callous formation is typically complete by day 14, which involves
calcified cartilage being replaced by woven bone and can be referred to as the repair phase.46
Remodeling may occur around 3-4 weeks after the traumatic event.47 During the remodeling
phase, woven bone is replaced with lamellar bone. Lamellar bone is more mature and stronger
than its precursor, woven bone. Many factors influence bone healing time, however indirect
healing undoubtfully takes longer than direct healing.
As stated previously, the equine C3 is trabecular bone covered with a thin cortical shell.
Fractures of trabecular or cancellous bone heal differently than cortical bone. Periosteal callous
formation does not typically form unless there is much instability. Intramembranous ossification
8

causes bridging of new bone between trabeculae before union of the cortical shell.48 Still, well
aligned and stable lag screw fixation is crucial to maintain the health of the joint.

Figure 1

Middle carpal joint

Right middle carpal joint. The C3 is outlined with the dotted line. Medial is to the right, lateral is
to the left.
Credit: Salinger personal photograph
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CHAPTER III
HISTORY AND FUTURE OF THE SCREW
One of the earliest and most famous accounts of the screw dates back to third century
BCE. Archimedes (287-212 BC) is considered by many to have invented the water screw during
this time period.49 The water screw was in fact a water conveyer, consisting of a large wooden
screw inside of a tubular structure that transported low-lying water to higher ground for
irrigation.50 One end of the water screw would be submerged in water, while the other end would
be elevated above the ground surface. As the helix was cranked by hand, water was lifted and
transported above the ground surface.
The water screw was a simple machine that converted rotational motion of water into
linear motion of water. Current day screws used in countless industries follow the same
principle, except that the screw is engaged in a solid material and is advanced forward itself as it
is rotated. Craftsmen began producing screws as early as the 18th century, while surgeons began
utilizing screws in the 19th century.50 Alloys have varied throughout the years, with wood/ steel
and nickel-plated screws being used in orthopedic surgery in the 19th century and vanadium
machine screws being advocated for in the early 20th century.51,52 In 1958 a group of Swiss
surgeons developed the Arbeitsgemeinschaft für Osteosynthesefragen (AO). Through research,
innovation, clinical documentation, development of orthopedic implants and instruments, as well
as providing international educational opportunities, this group has revolutionized both human
and veterinary orthopedic surgery.53
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Great improvements and advancements in orthopedic surgery have been met since the
advent of the AO, however, stainless steel, buttress threaded screws have been the conventional
screw since Robert Danis invented the design in the 1940’s.13 As described by Stahel et al.,
shortcomings of the buttress screw are as follows:
1.

The screws can be hard to start within the bone interface.

2.

The screws can miss the far cortex through the projected trajectory, leading to
near cortex stripping.

3.

Near and far cortex stripping can occur if too much torque is applied.

4.

Threads induce a radial force perpendicular to the screw’s long axis, which can
act as a stress riser or increase chances of incidental fracturing.

5.

The buttress design can resist only unidirectional loads.

6.

Screw loosening and “toggling” may occur if the screw hole enlarges, leading to
failure.

7.

A rough, imprecise cutting mechanism in which debris accumulates along the
thread teeth can lead to both microfractures and heat generation.

A limitation perhaps specifically applying to C3 fracture repair is one argument that
buttress threads are unable to develop sufficient insertion torque in trabecular or osteopenic bone
to provide enough compression to resist shear forces.14 Bone-screw-fasteners have been designed
with interlocking threads to generate compression, prevent stripping, and resist multidirectional
loads (Figure 2).12-14 Higher torque stripping resistance was verified in a human cadaveric
study.12 Recently, the effect of interlocking screws used for cadaveric canine humeral condylar
fracture repair was investigated by Raleigh, et al. Interlocking screws were found to have
significantly (18.5- 23.2%) greater loads to failure compared to buttress screws.54 With such
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promising results, the influence of the interlocking screw for use in C3 frontal plane slab
fractures became of interest and inspired composition of the current study.

Figure 2

Traditional AO buttress thread screw versus interlocking bone-screw-fastener.

Credit: Schematic created by Salinger, simplified figure from Alfonso, et al.
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CHAPTER IV
MATERIALS AND METHODS
Specimens
Eighteen paired forelimbs collected from 9 horses were used for this ex vivo study (3 to
20 years of age, 5 geldings, 1 stallion, and 3 mares). Breeds included six American Quarter
Horses, one Warmblood, and two grade type horses. Weights ranged from 314- 595 kg. Horses
were euthanized for reasons unrelated to the project and were without clinical, gross, and
radiographic carpal abnormalities. Forelimbs were transected mid-radius within 24 hours
following euthanasia. The specimens were wrapped in towels soaked in a 0.9% sodium chloride
solution, secured in a plastic bag, and stored at -25°C for up to 3 months. The forelimbs were
thawed in a 0.9% sodium chloride solution at room temperature 24 hours prior to testing. For
each pair, the left or right carpi was randomly assigned to receive fixation with either a HCSF or
a cortical screw. Once thawed, the limbs were dissected, and the distal row of carpal bones were
isolated from the specimens.
Preparation
A 10-mm wide simulated C3 frontal plane slab fracture of the radial facet was created
with a hand saw. The distal row of carpal bones was first secured in a vice, and a templateguided osteotomy was made across the radial facet of the third carpal bone. The fragment was
reduced and secured with a Verbrugge Bone Holding Forcep (Sontec Instruments, Centennial,
CO) prior to screw placement.
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For specimens repaired with cortical screws, fragments were reduced with one 3.5-mm
diameter, 40-mm long, self-tapping 316 stainless steel AO cortical bone screw (Figure 3) in lag
fashion. The screw was aligned in the center of the fragment, perpendicular to the frontal fracture
plane using standard AO/ASIF technique. A 3.5-mm glide hole and 2.5-mm thread hole were
drilled through the palmar aspect of the cis cortex to ensure adequate depth for the standardized
40-mm long screws. Radiographs were taken after placement to ensure adequate fragment
compression (Figure 6a).
For specimens repaired with the HCSF, fragments were reduced with one 3.9-mm
diameter, 40-mm long, cannulated, self-tapping, ASTM F136 Titanium HCSF screw (Figure 3).
A 3.5 mm drill bit (DePuy Synthes, West Chester, PA) was aligned as described for the cortical
screw group and drilled across the fragment through the cis cortex. Due to their self-compressing
nature, HCSF screws do not require a glide hole to be drilled. The screws were advanced into the
bone with a 2.0-mm hexagonal-head cannulated screw driver (OsteoCentric Technologies,
Logan, UT) until they were flush with the dorsal surface of C3. Adequate reduction was verified
with radiographs (Figure 6b).
Biomechanical Testing
The distal row of carpal bones was mounted into a custom-made steel rectangular pot
using polyurethane casting resin (Specialty Resin & Chemical, Kalamazoo, MI), such that the
osteotomy site was protruding from the pot. The resin was allowed 10 minutes to cure to ensure
the parent bone was secured within the construct. The osteotomy site was aligned
perpendicularly to the platform and monitored as the polyurethane cured to ensure that the resin
did not adhere to the osteotomy site or the fragment. The potted bone was fitted to a universal
testing machine (MTI-2K, Measurements Technology, Inc., Marietta, GA), equipped with a
14

2,000-lbf load cell (Figure 4). The custom platen block was aligned with the proximal surface of
the dorsal bone fragment and was translated downwards to apply shear force to the specimen.
Specimens were tested in shear in a single cycle to failure under a displacement control at a rate
of 100 mm/min.
Data Analyses
For each mechanical test, a load-deformation curve was produced (Figure 5). Maximum
load to failure (N), stiffness (N/mm), and yield load (N) were analyzed for each specimen.
Maximum load to failure was defined as the maximum force applied during testing. Stiffness
was defined as the slope of the elastic (linear) portion of the load-deformation curve. For samples
that had plastic deformation prior to failure, yield load was defined using an offset method of 1
mm displacement.55-57 Yield load was defined as the maximum load in samples without plastic
deformation prior to failure.
Statistical Analyses
The effect of screw type on maximum load to failure, stiffness, and yield load was
assessed in separate linear mixed models using the mixed procedure in SAS for Windows v9.4
(SAS Institute, Inc., Cary, NC). Screw, side of limb, and their interaction were the initial fixed
effects while horse identity was included as a random effect. If the interaction term was not
significant, it was removed from the model and a main effects only model was tested. In turn, if
side of limb was not significant, it was removed from the model. Visual assessment of the
conditional residuals was done to ensure the assumptions of normality and homoscedasticity had
been met. An alpha level of 0.05 was used to determine significance.
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Figure 3

3.5 mm AO cortical screw versus 3.9 mm Headless Compression Screw Fastener

Cortical screw is on the left. Headless Compression Screw Fastener is on the right.
Credit: Salinger personal photograph

Figure 4

A repaired simulated C3 slab fracture secured in the testing machine.

The osteotomy is parallel to the axis of loading. The arrow demonstrates the direction of the
platen block as it moves towards the dorsal surface of the fragment, allowing it to be tested in
shear.
Credit: Salinger personal photograph
16

Figure 5

Representative load displacement curve

Representative load displacement curve for specimen tested in the HCSF and Cortical Screw
groups, single cycle to failure shear test. The failure point is recorded as the highest load value
attained.
Credit: Graph created by Kailey Clinton
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CHAPTER V
RESULTS
Fragment reduction was considered acceptable for all specimens as no osteotomy gap
was observed radiographically (Figure 6a and Figure 6b). For HCSF repaired specimens, average
maximum load to failure was 2305.54 +/- 633.44 N, average stiffness was 382.89 +/- 95.27
N/mm, and average yield load was 2291.97 +/- 642.11 N. Specimens repaired with cortical
screws had an average maximum load to failure of 2930.19 +/- 707.43 N, an average stiffness of
427.59 +/- 128.52 N/mm, and an average yield load of 2896.58 +/- 678.57 N (Table 1).
No effect of screw type was detected in terms of maximum load to failure (p= 0.084),
stiffness (p= 0.26), or yield load (p= 0.088). Mode of failure was screw bending in all specimens
(Figure 6c and Figure 6d). Three cortical screws and four HCSF screws exhibited a sagittal
fracture at the screw-bone interface.
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Figure 6

Fragment reduction and common mode of failure

Adequate fragment compression after placement of a cortical bone screw (a) and a HCSF (b).
The arrow indicates the fracture plane that has been reduced. Screw bending was observed after
testing in all specimens for both the cortical bone screw group as exemplified (c) and HCSF
group as exemplified (d).
Credit: Salinger

Table 1

Average maximum load to failure, stiffness, and yield load

Maximum load to failure (N) Stiffness (N/mm) Yield load (N)
Cortical Screws 2930.19 +/- 707.43
427.59 +/- 128.52 2896.58 +/- 678.57
HCSF Screws
2305.54 +/- 633.44
382.89 +/- 95.27
2291.97 +/- 642.11
Average maximum load to failure, stiffness, and yield load (mean +/- std dev) for simulated C3
frontal plane fractures of the radial facet stabilized with a cortical bone screw or a HCSF.
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CHAPTER VI
DISCUSSION
Mechanical testing variables did not differ significantly between screw types. Failure of
constructs always began with bending of the screw, and sometimes ended with fracture of the
fragment piece (n= 7/18). The force applied by the load cell caused deformation to both the AO
cortical screw and HCSF prior to causing fracturing of the bone.
Advantages of the HCSF are its headless design and ability to achieve fragment
compression as it is advanced.58 Complications associated with not countersinking or creating a
shallow countersink, such as irritation of dorsal soft tissue structures of the carpus, can
potentially be avoided by using the HCSF in place of a cortical bone screw. Applications of this
screw for repair of sagittal C3 fractures could be efficacious as the most common complication
associated with this type of repair is impingement of the cortical screw head on the second carpal
bone.11 Furthermore, elimination of countersinking with use of the HCSF may enable its
application in thin (<10-mm) carpal fragments. The HCSF does not require a glide hole and does
not require tapping, which could result in more efficient screw placement. Compression between
bone fragments is achieved as the proximal threads of the screw contact the near bone surface.
For every revolution of the screwdriver, the fracture is compressed by 0.25 mm, for a maximum
of approximately 1.5 mm of compression.59 This is due to the differing thread pitches from the
tip to the head of the screw.

20

Thoughtful selection of implant material is important due to the vulnerable nature of the
radial facet of the third carpal bone. Exercise generally imposes stress to the carpal bones, with
the highest area of stress located in the dorsal aspect of the radial facet of the third carpal bone.21
Materials which have a higher modulus of elasticity are more prone to stress shielding. Stress
shielding occurs as a result of an inadequate transfer of stress from an implant to the bone, which
impedes the bone’s ability to remodel and gain strength.60 Titanium per ASTM F136 has a
modulus of elasticity of 114 GPa, while 316 stainless steel (AO cortical screw implant material)
has a higher modulus of elasticity of 186 GPa.60 With a modulus of elasticity closer to that of
bone (approximately 20 GPa in the equine third metacarpus), titanium implants can allow for
sufficient load sharing, facilitating callus formation.61,62 Callus formation leads to remodeling
and mineralization, the process by which damaged bone reestablishes its original properties. The
cannulated geometry of the HCSF further reduces the global modulus of elasticity. Such
osseointegration is theoretically advantageous considering the propensity of this bone to be
weaker in relation to surrounding cuboidal bones. Thus, the use of the titanium HCSF may result
in more optimal healing in the C3 compared to repairs using 316 stainless steel.
There are possible disadvantages of the HCSF related to its cannulated and headless
nature. Cannulated screws are inherently weaker in bending than non-cannulated screws.60
Lower bending resistance may, however, not be an important design criterion for use in carpal
bones, as long bones are more commonly subjected to bending. Additionally, headless screws
can be difficult to remove.
The current study did not include ease of insertion of the HCSF compared to the cortical
screw as an outcome measure. Initially, the HCSF took longer to place compared to the AO
cortical screws; however, by the end of the study the operator was substantially faster at placing
21

the HCSF screws. Due to the learning curve associated with the use of new implants and
instruments, information on the ease of insertion over the course of the study was not recorded.
Several limitations of this study have been recognized. Different equestrian disciplines
lead to different mechanical stresses and resultant bone changes.63 Since cadaveric limbs for this
study were collected from horses of different breeds and disciplines, it is presumed that there was
some degree of variability in the density of the tested C3 which could have affected
biomechanical performance. The ex vivo nature of the study was also unable to account for all
(in vivo) factors and forces associated with the fixation and healing of C3 slab fractures, which
could pose a limitation in regard to practical application. Nonetheless, the main forces imposed
on the carpal bones are those of shear, which has been the focus of this project.64 Lastly, the
sample size was limited, although the number of specimens used for this study is comparable to
previous similar investigations.65,66
Undoubtedly, the AO cortical screw has been, and remains, the mainstay screw for
equine fracture repair. Despite previous investigations of other compression screws, the
integration of alternative screw types for simple lag screw fixation have not been widely adopted
in equine orthopedics.65-71 Equine bone is thick and dense, making an AO cortical screw a
seemingly obvious choice. The radial facet of the third carpal bone, however, commonly
contains relatively increased vascular channels, which reduces its structural integrity and
strength.72 In human orthopedics, osteopenic bone is often unable to withstand the shear forces
generated by buttress threaded screws.73 As a biomechanically inferior area of bone, the same
concept may be applicable to the radial facet of the third carpal bone, validating exploration of
fracture repair with alternative constructs such as the HCSF. The titanium, interlocking thread
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technology of this screw has the potential to improve bone preservation while resisting
multiaxial failure.12
Maximum load to failure was approximately 2900 N in the cortical screw group and 2300
N in the HCSF group. Reported peak vertical force during stance is approximately 1500 N in
horses with an average weight of 430 kg.74 It is unknown if the constructs tested in this study
could withstand forces occurring during a difficult post-operative recovery without additional
support. They should, however, have the mechanical integrity to maintain fracture reduction in a
horse on stall rest after carpal surgery.
Although a seemingly straightforward orthopedic surgery, C3 slab fracture fixation does
not always yield a desirable result. In fact, horses often are unable to perform at their previous
level of work despite surgery.5 It is possible that complications associated with this procedure
can be avoided with improved materials and techniques. In the current study, the ability to place
the HCSF into the equine C3 has been confirmed, and mechanical performance was not
significantly different than the AO cortical screw when tested in shear. If the assumed benefits of
the HCSF discussed translate clinically, this implant may lead to better stabilization, faster
healing times, and improved animal comfort.
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CHAPTER VII
CONCLUSION
Generally speaking, 4.5 or 5.5 mm cortical screws are most commonly used in equine
fracture repair and headless screws are very rarely utilized. This begs the question: What
applications are there for use of a 3.5 mm screw? Moreover, what applications are there for use
of a headless screw?
Cuboidal bone fractures (carpal and tarsal), proximal sesamoid bone fractures, and distal
sesamoid fractures often fit criteria for use of 3.5 mm screws. This particularly applies to equids
of smaller stature such as ponies and foals. Headless screws are beneficial when placed near
important soft tissue structures, bursas, joints, areas that lack sufficient soft tissue coverage, and
bones directly covered by tendons or ligaments. When a screw head protrudes from the surface
of the bone and makes direct contact with adjacent soft tissues, the friction results in
inflammation and can lead to discomfort.
Many carpal and tarsal bone fractures require 3.5 mm screws. As high motion joints, the
carpus and tarsus are closely associated with tendons and ligaments that are likely to course
directly atop fracture locations. Internal fixation of distal sesamoid bone fractures pose a
challenge as this bone is long, narrow, and penetration of the distal interphalangeal joint or
navicular bursa can be difficult to avoid.75 Fractures of the proximal sesamoid bones are
common in foals two months of age and younger.76,77 Foals are ideal candidates for 3.5 mm
headless screws due to having structurally smaller, more immature bone. Large apical, midbody,
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and basilar proximal sesamoid bone fractures require internal fixation with a lag screw. One or
two 2.7 mm, 3.5 mm, or 4.5 mm screws are typically appropriate.78 The suspensory branches
insert proximally on these bones, the distal sesamoidean ligaments originate distally, they
communicate with the metacarpophalageal or metatarsophalangeal joint dorsally, and the digital
flexor tendon sheath glides across the palmar or plantar aspect of these bones. Screw head
interference with any of these structures could cause profound lameness. For these reasons, the
discussed fracture types may be repaired with fewer complications applying use of smaller,
headless screws.
The results of this study indicate that the HCSF can be successfully placed in the equine
third carpal bone. When tested in shear, there was no significant difference in maximum load to
failure, stiffness, or yield load when compared to the cortical screws. An overall trend is still
recognized as the cortical screws averaged higher maximum loads to failure, stiffness, and yield
loads compared to the HCSF screws. It is unknown at this time what trends and levels of
significance would be reached with a larger sample size. These results, taken in conjunction with
possible benefits of a titanium, headless, interlocking screw, justify a need for clinical validation
of the HCSF in further studies, including those investigating use in other anatomical locations.
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APPENDIX A
RAW DATA INDIVIDUAL SPECIMENS
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Table 2

Stiffness, maximum load to failure, and yield load for individual specimens

Sample Label Stiffness (N/mm) Max Load (N) Yield Load (N)
3LF
549.96
3146.97
3134.407
3RC
543.04
1458.07
4LC
486.73
3275.18
3157.5195
4RF
399.34
2971.83
6LC
273.6
2853.26
6RF
244.9
1352.76
1308.0742
7LF
387.18
2116.8
2073.3252
7RC
271.39
2811.06
8LC
346.04
2643.05
8RF
300.87
2135.7
9LF
386.66
2458.58
2443.051
9RC
490.02
3724.85
10LC
590.01
3913.05
3772.9524
10RF
317.14
1449.22
1443.3173
11LF
359.69
2875.68
2875.677
11RC
300.8
2804.90
2760.137
12LC
546.71
2888.31
12RF
500.24
2242.35
Sample label refers to the carpal specimen used. The number is the horse identity, L or R
signifies left (L) or right (R) limb used, and F or C represents repair with the headless
compression screw fastener (F) or cortical screw (C). Yield load was calculated using a 1 mm
offset.
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APPENDIX B
RAW DATA OVERALL SUMMARY
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Table 3

Overall Results- All Specimens

ALL SPECIMENS
Average Max Load
Standard Deviation Max Load
Average Stiffness
Standard Deviation Stiffness

2617.868 N
+/- 726.3716 N
405.24 N/mm
+/- 112.1295N/mm

Average Yield Load
2594.27 N
Standard Deviation Yield Load
+/- 712.3695 N
Maximum load, stiffness, and yield load averages calculated for all specimens in both groups.

Table 4

Overall Results- HCSF Group

HCSF GROUP
Average Max Load
Standard Deviation Max Load
Average Stiffness
Standard Deviation Stiffness

2305.54 N
+/- 633.439 N
382.8867 N/mm
+/- 95.27359 N/mm

Average Yield Load
2291.97 N
Standard Deviation Yield Load
+/- 642.1059 N
Maximum load, stiffness, and yield load averages calculated for all specimens in the HCSF
group.
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Table 5

Overall Results- Cortical Screw Group

CORTICAL GROUP
Average Max Load
Standard Deviation Max Load
Average Stiffness
Standard Deviation Stiffness

2930.19 N
+/- 707.4306 N
427.5933 N/mm
+/- 128.5161 N/mm

Average Yield Load
2606.92 N
Standard Deviation Yield Load
+/- 678.5659 N
Maximum load, stiffness, and yield load averages calculated for all specimens in the cortical
screw group.
.
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